INTRODUCTION
. It has a strong capability of forming hydrogen bonding interactions that play an important role in the assembly of supramolecular compounds. The imidazole ring is present in many biological systems (nucleic acid, proteins, antibiotics, therapeutic agents and cofactors) and plays a significant role in acid or base chemistry, catalysis, H-bonding and metal complexation 8 . The ligation properties of these donor groups are widely utilized in biomolecules physiologically planned to interact with metal ions, for instance the imidazole moiety of the histidyle residue in a large number of metalloproteins forms all or part of the binding site of the metal(II) ions [9] [10] . Furthermore, thermal analysis methods play an important role in studying the structures and properties of metal coordination polymers. They were applied to determine the thermal stability ranges, the thermal character of the decomposition products. The present work describes the preparation and characterization of some mixed-ligand complexes of cobalt(II), nickel(II), copper(II), cadmium(II) and lead(II) containing POZT and IMZ. Figure 1 shows the structure of the ligands.
EXPERIMENTAL

Materials
High purity 5-(3-pyridyl)-1,3,4-oxadiazole-2-thiol and imidazole were purchased from Sigma Aldrich and Alpha Chemika. All other chemicals were of AR grade.
Synthesis of the coordination polymers
Synthesis of the mixed ligand coordination polymers of 5-(3-pyridyl)-1,3,4-oxadiazole-2-thiol and imidazole with Co(II), Ni(II), Cu(II), Cd(II) and Pb(II) follows essentially the same procedure.
[Co(POZT)(IMZ)Cl(H 2 O) 2 ] n synthesis is typical. An ethanolic solution 10 mL of POZT (0.1 g, 0.5 mmol) was slowly added into a hot ethanolic solution (10 mL) of CoCl 2 .6H 2 O (0.132 g, 0.5 mmol) and to it an ethanolic solution (10 mL) of imidazole (0.038 g, 0.5 mmol) was added dropwise. The resultant mixture was stirred for 1 h and filtered. The Light-blue precipitate was separated, washed with distilled water and EtOH and then dried over CaCl 2 in a desiccator.
Physical measurements
Stoichiometric analysis (carbon, hydrogen, nitrogen and sulphur) were performed using Analyischer Funktionstest Vario El FabNr.11982027 elemental analyzer. Infrared spectra were recorded as KBr disks (400-4000 cm -1 ) with a FT-IR spectrophotometer and the electronic spectra were obtained using a Shimadzu UV-2101 PC spectrophotometer. Magnetic susceptibility measurements were done on a magnetic susceptibility balance of the type MSB-Auto. The conductance was measured using a conductivity Meter model 4310 JENWAY. Thermal studies were carried out in dynamic air on a Shimadzu DTG 60-H thermal analyzer at a heating rate 10 °C min-1. Scanning electron microscope was of the type JEOL JFC-1100E ION SPUTTERING DEVICE, JEOL JSM-5400LV SEM. SEM specimens were coated with gold to increase the conductivity.
Biological activity
The antimicrobial activity of 1, 4 and 5 were tested against 5 bacterial and 6 fungal strains. All microbial strains were kindly provided by the Assiut University Mycological Centre (AUMC). These strains are common contaminants of the environment in Egypt and some of which are involved in human and animal diseases (Candida albicans, Geotrichum candidum, Scopulariopsis brevicaulis, Aspergillus flavus, T.rubrum, Staphylococcus aureus), plant diseases (Fusarium oxysporum) or frequently reported from contaminated soil, water and food substances (Escherichia coli, Bacillus cereus, Pseudomonas aeruginosa and Serratia marcescens). To prepare inocula for bioassay, bacterial strains were individually cultured for 48h in 100 ml conical flasks containing 30 ml nutrient broth medium. Fungi were grown for 7 days in 100 ml conicals containing 30 ml Sabouraud's dextrose broth. Bioassay was done in 10 cm sterile plastic Petri plates in which microbial suspension (Iml/plate) and 15 ml appropriate agar medium (15 ml/plate) were poured. Nutrient agar and Sabouraud's dextrose agar were respectively used for bacteria and fungi. After solidification of the media, 5 mm diameter cavities were cut in the solidified agar (4 cavities/ plate) using sterile cork borer. The chemical compounds dissolved in dimethyl sulfuxide (DMSO) at 2%w/v (=20 mg/ml) were pipetted in the cavities (20 ul /cavity). Cultures were then incubated at 28°C for 48 h in case of bacteria and up to 7 days in case of fungi. Results were read as the diameter (in mm) of inhibition zone around cavities (see Kwion-Chung and Bennett, 1992).
RESULTS AND DISCUSSION
The coordination polymers were prepared by the reaction of 5-(3-pyridyl)-1,3,4-oxadiazole-2-thiol (neutralized with NaOH), metal chlorides or nitrate, and imidazole (dissolved in EtOH). The prepared compounds were found to react in the molar ratio 1: 1: 1 metal : POZT : IMZ. The coordination polymers are air stable, insoluble in common organic solvents but partially soluble in DMSO. The electrical conductivity of the complexes indicate that they are of non-electrolyte nature 11 . The compositions of the compounds are supported by the elemental analysis recorded in Table (1) together with color, melting points and conductivity of the coordination polymers.
Fourier transforms infrared spectroscopy (FT-IR)
The IR spectra of the coordination polymers can be seen in Table ( 2). The bands observed in the 1598-1608 cm -1 regions are assigned to the υ(C=N) stretching vibration of the POZT 12 . IMZ exhibits in the complexes a band in the region 814-825 cm -1 which can be assigned to υ(C-N). This band is positive shifted if compared with that of the free imidazole at 840 cm -1 .
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Observation of a band in the region 3096-3144 cm . Furthermore, it is found that the bands at 3357-3390 cm -1 in the spectra of 1, 2, 4 and 5 compounds are assigned to υOH of coordinated water 15 , whereas the υOH stretching vibrations of the crystallization water molecules are located at 3260 and 3270 cm -1 for compounds 2 and 5. 16 Metal-oxygen and metal-nitrogen bonding are manifested by the appearance of a band in the 504-542 cm -1 and 418-442 cm -1 regions, respectively 17 . (Fig.2) .
Electronic Spectra
The electronic spectra of the compounds in dimethylsulphoxide (DMSO) display two absorption maxima located in the regions 37,037-38,759 and 28,571-32,679 cm -1 which are attributed respectively to π→π* and n→π* transitions within the POZT and IMZ ligands 12, 18 . The Co(II), Ni(II) and Cu(II) coordination polymers exhibit respectively a band at 19,569, 20,120 and 19,047 cm -1 corresponding to the d-d transitions. Additionally, the magnetic moments of the compounds were measured and it has been found that the Co(II) compound 1 has a magnetic moment of 4.38 B.M typical of the octahedral complexes 19 whereas the magnetic moment values 3.08, 2.05 B.M was found The electronic specral data are shown in Table (3) . From the foregoing data the structure of the compounds can be postulated as follows (Fig.3 ). 
Thermal Studies
The TG and DTG data are presented in Table ( 4). The thermal decomposition of the coordination polymers has been investigated in dynamic air from ambient temperature to 750 °C. As typical example the thermogram of the Ni(II) compound 2 in dynamic air shows four steps in the temperature ranges 50-178, 180-370, 372-453 and 455-750 °C (Fig.4) . The first step corresponds to the release of the two coordinated water molecules (calc.9.57 %, found 8.53 %). The DTG curve show this step at 156 °C and an endothermic peak appears at 160 °C in the DTA trace. The second, third and forth steps represent a loss of weight indicating the decomposition the ligands. This steps appear in the DTG curve at 315, 405 and 480 °C and are associated with exothermic peaks at 317, 407 and 482 °C in the DTA curve. The final product was identified on the basis of mass loss considerations to be NiO as the residual part (calc. 19.83 %, found 20.64 %) (Scheme 1).
Scheme 1:
Kinetic analysis
Non-isothermal kinetic analysis of the complexes was carried out applying two different procedures: the Coats-Redfern 22 and the HorowitzMetzger 23 methods. (2) where α is the fraction of material decomposed, n is the order of the decomposition reaction and M = -E/R and B = ZR/ΦE; E, R, Z and Φ are the activation energy, gas constant, preexponential factor and heating rate, respectively. The Horowitz-Metzger equation
for n = 1 ... (4) where θ = T-Ts, Ts is the temperature at the DTG peak. The correlation coefficient r is computed using the least squares method for equations (1), (2), (3) and (4). Linear curves were drawn for different values of n ranging from 0 to 2. The value of n, which gave the best fit, was chosen as the order parameter for the decomposition stage of interest. The kinetic parameters were calculated from the plots of the left hand side of equations (1), (2), against 1/T and against è for equations (3) and (4) (Figs.5 and 6 ). The kinetic parameters for compounds 2 and 3 are calculated for the first step according to the above two methods and are cited in Tables 5 and 6. Negative ΔS* values for the different stages of decomposition of the complexes 2 and 3 suggest that the activated complex is more ordered than the reactants and that the reactions are slower than normal [24] [25] [26] . The more ordered nature may be due to the polarization of bonds in the activated state, which Table 7 27 . The different values of ΔH* and ΔG* of the complexes 2 and 3 refer to the effect of the structure of the metal ions on the thermal stability of the complexes 28 . The positive values of ΔG* indicate that the decomposition reaction is not spontaneous. Scanning Electron Micrographs (SEM) The scanning electron micrographs of cobalt(II) mixed ligand coordination polymer as representatives are given in Fig. 7 .
Biological activity
In testing the antibacterial and antifungal activity of the compounds 1, 4 and 5 we used more than one test organism to increase the chance of detecting antibiotic principles in tested materials.
The data showed that in some cases the ligand has a higher or similar antimicrobial and antifungal activity than the selected standards (chloramphenicol and clotrimazole). Also, the complexes of certain metal ions inhanced the antimicrobial activity and in some cases a higher or similar activity than the selected standards were also shown (Table 7) . Figures (8-11) show the antimicrobial effect for these compounds.
